Is life on Mars? Indisputably, the answer is yes; unfortunately, we delivered it there. In fact, every spacecraft sent to the Red Planet is allowed to carry a small amount of terrestrial contamination onboard, including hardy endospore-forming bacteria capable of withstanding severe conditions in space. How will future astrobiology missions searching for indications of life-past or present-disentangle the signature of terrestrial contaminants from potentially native life forms?
While we can do a better job at reducing the viable bioburden on spacecraft by aggressive sterilization methods, it adds substantial costs to missions and limits the type of instruments that can be carried (e.g., computers don't like to be autoclaved). Even a fully aseptic spacecraft would still be littered with microbial debris-biosignatures that might be indistinguishable from samples acquired in a precious scoop of Martian soil. Knowing this, perhaps we must accept the inevitable contamination issue and focus instead on identifying our own signal through intentional tagging and traceability. Systematic approaches using synthetic molecular barcodes or inert fluorescent particles would at least tell us which samples are fouled and which can be trusted. The detection of life beyond Earth will someday send shockwaves through popular culture and reconfigure humanity's understanding of the universe. We must ensure that such a discovery will not be corrupted or confused by a false signal.
Digging for Ancient Pathogens

Kirsten Bos
Max Planck Institute for the Science of Human History (MPI-SHH) Ancient pathogen research has grown tremendously with new sequencing methods that have ushered geneticists into the world of big data. Bacterial and viral genomes can now be reconstructed from preserved archaeological specimens, giving us an unprecedented resolution of past microbial diversity. The first ancient pathogen genome, a strain of Yersinia pestis associated with the 14 th -century Black Death, was published just over 6 years ago, and it's now one of a series of ancient pathogens that have since been characterized at the genome level. The creative methods being developed for the detection of ancient pathogens will be most transformative in the future. Centuries spent in the ground leave archaeological tissues heavily contaminated with environmental DNA, much of which is bacterial. The degraded DNA from an ancient pathogen would be hidden somewhere in this complex background. Our usual approach to overcome this is to fish for DNA sequences of a candidate bacterium or virus using an enrichment-based method. Adopting a metagenomic approach, we're now experimenting with screening techniques that help us detect pathogen DNA without specifying a target in advance. These methods provide taxonomic identifications for microbial communities by comparing individual DNA sequences against a large database of modern genomes. The refinement of these approaches, coupled with the expansive growth in modern genomic databases, makes for an exciting future in this relatively new area of microbial investigation.
Chemically Diverse Microbiota
Eric Schmidt
University of Utah A thriving coral reef is an overwhelming swirl of color and motion. In front of your mask, you see a larger number of animal phyla than exist in total on land. Among these, there are countless tiny invertebrates, which often represent cryptic species or clades that have not previously been studied. Within each of these phylogenetically diverse animals lies a specialized microbiota, as well as a specialty cocktail of chemicals, sometimes for defense but usually for unknown purpose. The compounds are of interest in part because some of them are clinically used drugs, such as the anticancer ET-743 or the active portion of Adcetris. What is striking about the chemicals is that symbiotic bacteria produce many of them. The relationship between chemistry, symbionts, and host animals is not random but instead often tightly follows the phylogeny of the hosts. What are those relationships, and how do they drive chemical diversity? How many more new drugs or drug-like compounds remain to be discovered? Are there common themes or patterns in the chemistry of the symbiotic microbiota across the domains of life? Is it an irredeemable tragedy to lose the biodiversity in a single bay?
Cell Microbiome technologies open the door for many new applications, including those beyond the human microbiome and health. For example, microbial clues are useful for forensic science. Because the succession of microbes after death ticks at a fairly constant rate, the community of microbes associated with a cadaver can be used to estimate how long a body has been dead. There is also useful information in the microbes that we constantly shed as we move through space and touch objects. It turns out that each person's community of skin microbes are unique enough to be identifiable and thus could be used to place a suspect at the scene of a crime. Both of these approaches depend on machine learning tools-classification or regression models that use microbes for prediction. In human health, these bioinformatics methods are being tested to use microbiomes to predict disease states, but there are many other possible applications such as using food microbiomes to predict spoilage rates or using crop soil microbiomes to predict yield. Another exciting application is microbiome engineering in which microbiomes are managed or manipulated for improved contaminant removal from wastewater or bioenergy production from cellulosic biomass wastes, for example.
One of the most exciting next big questions is: What applications have we not realized are within our reach? What can we borrow from nature's beautifully evolved microbial symbioses to improve food safety, agricultural systems, and the environment?
Fermented Biological Potential
Rachel Dutton
University of California, San Diego The study of model organisms, such as Escherichia coli and Saccharomyces cerevisiae, has transformed our understanding of the biology within cells. But what about the biology that occurs when many cells of diverse species live together in the same environment, such as in microbiomes? The biology of interspecies interactions is complex, and maybe because it is so complex, the approach of using model systems to explore this field is just as important as it has been for every other area of biology.
So where do we find model systems for microbiomes? It turns out that there are simple microbiomes right under our noses. Fermented foods, such as cheese, rely on simple, easily manipulated microbiomes for their production. And yet, despite their simplicity, they are rich in the biological processes that only occur when species grow together.
A fascinating example of this biology is genetic exchange between species, or horizontal gene transfer (HGT). HGT has dramatic impacts on human health as it can result in the spread of antibiotic resistance in hospitals. But the exchange of genetic material is in no way limited to clinical settings or to genes encoding antibiotic resistance. We and others have discovered that HGT also occurs in fermented foods. These systems can now serve as models to study the forces that determine the frequency and outcomes of HGT within microbiomes. And so, the use of simple model systems can help us uncover the basic biological principles and mechanisms driving these and other interactions previously hidden within microbiomes.
